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SHOALING  PROBLEMS  ON 
MISSISSIPPI  RIVER-GULF  OUTLET 
LOUISIANA 


1.  Purpose.  The  purpose  of  this  report  is  to  update  written 
report  "Construction  Procedures  and  Shoaling  Problems  on  the 
Mississippi  River-Gulf  Outlet,"  which  was  presented  by  Messrs. 

B.  M.  Johnson  and  G.  A.  Price,  U.  S.  Army  Engineer  District,  New 
Orleans,  to  the  Committee  on  Tidal  Hydraulics,  Corps  of  Engineers, 

U.  S.  Army,  at  their  51st  meeting  in  New  Orleans,  La.,  on  20-22 
October  196U. 

2.  Pro.lect  Authorization.  The  Mississippi  River-Gulf  Out- 
let, La.,  a modification  of  the  existing  project,  "Mississippi 
River,  Baton  Rouge  to  the  Gulf  of  Mexico,"  was  authorized  by  the 
River  and  Harbor  Act  of  29  March  1956  (Public  Law  1+55,  8!+th 
Congress,  2d  Session),  substantially  in  accordance  with  the  report 
of  the  Chief  of  Engineers  dated  5 May  19 1+8  printed  in  House  Docu- 
ment No.  2l+5,  82d  Congress,  1st  Session. 

3.  Project  Status. 

a.  Dredging  of  the  project  channel  (-36  feet  by  500  feet 
and  -38  feet  by  600  feet),  as  shown  on  plate  1 and  table  1+,  was 
initiated  17  March  1958  and,  except  for  the  narrow  restriction  at 
Paris  Road,  was  completed  22  July  1965,  including  a turning  basin 

at  the  Inner  Harbor  Navigation  Canal.  An  "interim  channel" 

(-36  feet  by  250  feet  and  -38  feet  by  300  feet)  usable  for  shipping 
was  completed  5 July  1963  and  dedicated  25  July  1963,  at  which  time 
the  first  ship  traveled  from  New  Orleans  to  the  Gulf  of  Mexico  via 
the  Mississippi  River-Gulf  Outlet.  The  narrow  restriction  at  Paris 
Road  will  be  removed  upon  completion  of  the  high-level  bridge 
which  is  a feature  of  the  project  scheduled  for  completion  in 
December  1966. 

b.  Maintenance  dredging  during  construction  was  initiated 
1+  September  1963  and  completed  23  January  1966  (see  table  5).  Regu- 
lar maintenance  dredging,  using  operation  and  maintenance  funds, 

was  initiated  1 July  1965  and  is  currently  in  progress  (see  table  6). 
All  spc.J  from  construction  and  maintenance  dredging,  beyond  the 
outer  end  of  the  existing  dikes  in  Breton  Sound,  has  been  dis- 
charged not  closer  than  2,000  and  1,500  feet,  respectively,  to  the 
project  channel  centerline.  The  greatest  requirement  for  mainte- 
nance dredging  has  occurred  in  the  Breton  Sound  area  (see  plates  2 
and  5) . 

b.  Shoaling  History. 

a.  Predicted  shoaling  rates,  as  shown  in  the  general 
design  memorandum,  were  based  on  current  measurements,  suspended 
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TABLE  1 

DERIVATION  OF  SHOALING  RATE  FROM  , . 
NATURAL  SOURCES  - MILE  20.2  TO  MILE  55.9^ 

Project  channel  mileage 
Equivalent  route  "B"  mileage 

BEE  predicted  minimum  shoaling  rate,  Cu.  Yds/Yr/Mi 
Avg.  minimum  shoaling  rate,  Cu. Yds/Yr/Mi 
Avg.  maximum  shoaling  rate,  Cu. Yds/Yr/Mi 
Shoaling  for  the  5.3-mile  reach,  CuYds/Yr 


20.2  14.9 

25.2  .19.9 

300,000  220,000 

260,000 

520,000 

2,800,000 


(a) 


From  Mississippi  River-Gulf  Outlet,  Louisiana,  Design  Memorandum 
No.  2,  General  Design,  Appendix  I,  Plate  13,  Route  "B"  and 
Par.  14,  p.  8l.  Beach  Erosion  Board  (BEB)  is  now  known  as 
Coastal  Engineering  Research  Center. 


TABLE  2 

TABULATION  OF  CURRENT  DIRECTION  AT  TOWER  # 2^ 
Record  from  17  Jan  64  to  15  Jun  65 


Direction 
in  Degrees 

18-62 

63-107 

108-152 

153-197 

198-241 

242-287 

288-332 

333-17 

Intermediate  or  no  Velocity- 


Percent  of  Time  Prevailing 
in  Given  Direction 

9.48 

11.29 

10.58 

11.37 

5.42 

12.03 

15.09 

12.18 

12.56 


^Tower  No.  2 located  at  Mile  16.4  on  the  natural  sound  bottom 
700  feet  southwest  of  the  channel  centerline. 
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sediment  samples,  and  bottom  samples  collected  in  Breton  Sound  and 
the  Gulf  of  Mexico,  together  with  shoaling  data  obtained  from  a 
series  of  five  test  pits  dredged  to  approximate  depths  of  -30 
feet.  The  test  pit  located  in  an  original  depth  of  less  than  -6 
feet  indicated  the  maximum  shoaling  rate  and  dictated  the  decision 
to  construct  dikes  from  the  shoreline  at  mile  23.0  to  the  -6-foot 
contour  at  mile  20.2.  However,  surveys  have  indicated  that  the 
shallow  area  extends  beyond  mile  20.2  to  mile  14.9.  A profile  run 
in  December  1965  along  the  projection  of  the  southwest  dike  in- 
dicated ground  elevation  of  -6.5  at  mile  15.3,  a maximum  elevation 
of  -5.7  at  mile  19.6,  and  a minimum  elevation  of  -6.8  at  mile 
18.0. 


b.  Based  on  maintenance  dredging  performed  to  date, 
the  highest  shoaling  rate  has  occurred  in  Breton  Sound,  extending 
several  miles  beyond  the  outer  end  of  the  existing  dikes  at  mile 
20.2  (see  plate  2).  The  shoaling  rates  for  the  first  and  second 
maintenance  dredging  averaged  755,000  and  982,000  cubic  yards  per 
year  per  mile,  respectively,  for  the  reach  from  mile  20.2  to  mile 
lU. 9.  The  latter  rate  is  3.8  times  higher  than  the  average  mini- 
mum rate  of  260,000  cubic  yards  per  year  per  mile  estimated  in 
the  General  Design  Memorandum. 

The  shoaling  rates  are  shown  on  plate  2,  in  three 
curves,  representing  the  rates  between  completion  of: 

(1)  construction  and  first  maintenance  dredging; 

(2)  first  and  second  maintenance  dredging;  and 

(3)  second  and  third  maintenance  dredging. 

These  computed  rates  are  based  on  actual  end  areas  used  for  payments 
to  the  contractors  tabulated  at  2,000-foot  intervals. 

c.  The  shoaling  rates  stated  above  for  the  first  and 
second  maintenance  dredging,  converted  to  total  cubic  yards  per 
year  for  the  reach  from  mile  20.2  to  mile  14,9,  are  4.0  and  5.2 
million  cubic  yards  per  year,  respectively.  Based  on  shoaling 
estimates  made  by  the  Beach  Erosion  Board  in  connection  with  the 
preparation  of  "Design  Memorandum  No.  2,  General  Design,"  the 
average  maximum  shoaling  rate  from  natural  sources;  i.e.,  sources 
other  than  recirculation  of  spoil,  amounts  to  520,000  cubic  yards 
per  year  per  mile  for  the  reach  from  mile  20.2  to  mile  14.9. 
Determination  of  this  value  is  shown  on  table  1.  This  rate,  con- 
verted to  total  shoaling  per  year  in  the  rea^n,  is  2,800,000  :ubic 
yards.  Based  on  this  premise,  recirculation  accounted  for  at  least 
1,200,000  cubic  yards  of  shoaling  in  the  reach  between  project  con- 
struction and  first  maintenance  dredging,  and  2,400,000  cubic  yards 
between  the  first  and  second  maintenance  dredging. 
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e sand  fraction  is  the  material  retained  on  the  No.  230  sieve  (0.062  mm).  The  silt  fraction 
includes  ai-1  jf  the  fine  material  passing  the  No.  230  sieve. 


5.  Significant  Observation  Data. 

a.  Current  observations  made  adjacent  to  the  channel 
for  the  past  1-1/2  years  indicate  that  there  is  no  predominant 
direction  of  flow  across  the  channel,  but  that  they  are  about 
equally  divided  in  time  from  the  northeast  and  southwest  side  as 
shown  in  table  2. 


b.  Supply  for  shoaling  from  natural  sources  comes 
partly  from  in  situ  material  in  the  shallow  bed  and  bays  of  the 
sound,  and  partly  from  material  contributed  by  the  Mississippi 
River.  This  material  is  stirred  from  the  bottom  by  wave  action 
and  is  transported  to  the  channel  by  tidal  and  wind-generated 
currents.  This  supply  may  be  considered  inexhaustible  and  if  the 
dikes  were  not  extended,  shoaling  rates  for  this  material  would 
remain  constant  within  the  reach  in  question  for  the  life  of  the 
project. 


c.  Analyses  of  sediment  samples  in  the  spoil  runoff 
area  1000  feet  to  the  southwest  of  the  channel  centerline,  and 
the  natural  sound  bottom  1000  feet  to  the  northeast  indicate  that 
the  shoal  material  is  being  generated  predominantly  in  the  former 
area  (see  table  3).  This  is  demonstrated  by  the  fact  that  shoal 
material  samples  show  a marked  dissimilarity  to  samples  from  the 
northeast,  insofar  as  concentration  of  sand  is  concerned.  It  will 
be  noted  that  the  average  percent  of  material  retained  on  U.  S. 

230  sieve  for  bed  material  samples  taken  1000  feet  southwest  of 
channel  centerline,  in  the  channel  (shoaled  material),  and  1000 
feet  northeast  of  channel  centerline  was  5.6,  5.5,  and  28.2, 
respectively.  Accordingly,  it  may  be  concluded  that  shoaled  mate- 
rial in  the  channel  is  largely  composed  of  recirculated  spoil 
material. 

6.  Plan  of  Improvement  for  Reduction  of  Excessive  Shoaling. 

a.  The  plan  for  the  reduction  of  excessive  shoaling 
presented  herein  and  shown  on  plate  3 consists  of  the  extension  of 
the  southwest  dike  from  mile  20.2  to  mile  lk.o,  including  a 
1,000-fcot  flanking  dike  at  the  outer  end,  Dehind  which  all  future 
adjacent  dredged  spoil  from  maintenance  dredging  would  be  deposited. 
This  plan  will  largely  overcome  the  problem  of  recirculation  in 
this  reach  of  the  channel. 

b.  Settlement.  It  is  estimated  that  settlement  due  to 
displacement  and  consolidation  of  the  foundation  will  be  approxi- 
mately 1 foot  during  construction  of  the  first  stage,  1/2  foot 
between  the  first  stage  and  the  beginning  of  the  second-stage  con- 
struction, 1/2  foot  during  construction  of  the  second  stage,  and 

1 foot  after-  the  second  stsfe  is  completed* 


c.  Method  of  Construction.  The  dike  will  be  construct- 
ed, as  shown  on  plate  H,  of  clamshells”,  riprap,  and  derrick  stone. 
Because  of  the  low  shear  strength  of  the  foundation,  the  dike  will 
be  constructed  in  two  stages.  In  the  initial  construction  stage, 
the  shell  will  be  placed  to  elevation  -1.0  foot  m.l.g.  and  riprap 
will  be  placed  to  elevation  1.0  foot  m.l.g.  To  prevent  loss  of 
shell  during  construction,  the  placement  of  the  riprap  will  follow 
closely  behind  placement  of  the  shell.  To  add  to  the  stability  of 
the  dike  and  help  retain  the  shell  during  construction,  excavated 
material  will  be  placed  in  the  form  of  berms  on  both  sides  of  the 
dike.  In  the  second  construction  stage,  derrick  stone  will  be 
placed  to  elevation  +3.0  feet  m.l.g.  with  a crown  12  feet  wide. 

The  existing  dikes  were  constructed  to  elevation  +5.0  feet  m.l.g. 

d.  Cost  Estimate.  Hie  estimated  cost  for  extending  the 
southwest  dike  is  $5,010,000,  consisting  of  $4,674,000  for  construc- 
tion, $56,000  for  engineering  and  design,  and  $280,000  for  super- 
vision and  administration. 

e.  Schedule.  The  first  stage  work  will  be  completed 
under  two  contracts  over  a period  of  18  months  with  the  first  con- 
tract to  be  awarded  in  March  1966.  The  second  stage  work  will  be 
completed  under  two  contracts  18  months  after  completion  of  the  first 
stage.  This  schedule  is  contingent  upon  the  availability  of  funds. 

f.  Reduction  in  Maintenance  Dredging.  With  the  proposed 
extension  of  the  southwest  dike  and  flanking  dike  in  place,  forming 
an  effective  spoil  retention  dike,  it  is  anticipated  that  the  annual 
shoaling  rate  will  be  reduced  by  at  least  2,400,000  cubic  yards. 

Other  benefits  would  be  the  reduction  in  length  of  the  floating  dis- 
charge lines  of  dredges  by  at  least  1,300  feet  in  the  reach  between 
mile  20.2  and  mile  l4.9»  plus  a semisheltered  area  for  the  dredges  to 
operate . 


g.  Other  Plans  Considered.  Consideration  was  given  to 
reducing  recirculation  by  increasing  the  distance  between  the  channel 
centerline  and  the  point  of  deposit  of  dredged  spoil;  by  the  use  of 
hopper  barges  and  rehandling  the  spoil  therefrom  to  spoil  areas  on 
the  shore;  and  the  use  of  a self -unloading  hopper  dredge  with  dis- 
charge line  behind  existing  dikes.  However,  because  of  the  excessive 
costs  involved,  these  plans  are  considered  impractical.  The  self- 
unloading  hopper  dredge  with  discharge  lines  behind  the  extended  rock 
retention  dike,  inshore  from  mile  14.9,  will  be  further  evaluated  in 
determining  the  feasibility  of  further  dike  extension. 

7.  Current  and  Future  Observation  Program. 

a.  The  analyses  of  the  shoaling  problems  and  its  sources 
in  the  Breton  Sound  reach  of  the  Mississippi  River-Gulf  Outlet 
project  between  mile  20.2  and  mile  6.2  are  being  continued  for  tne 


6 


purpose  of  providing  additional  information  required  for  an  econ- 
omic study  to  determine  the  feasibility  of  further  dike  extension. 

A dike  across  Breton  Sound  is  authorized  as  a feature  of  the  proj- 
ect if  experience  indicates  that  maintenance  by  dredging  alone  is 
more  costly,  impracticable  or  unduly  obstructive  to  navigation. 
Therefore,  investigations  are  warranted  1 1 determine  whether  further 
dike  extension  will  reduce  shoaling  and  save  maintenance  dredging 
cost  in  excess  of  the  annual  cost  of  the  dike  extension. 

b.  Future  investigations  are  warranted  to  furti  er  de- 
fine potential  sources  of  shoal  material  and  provide  information 
as  to  the  rate  of  shoaling,  quantities  of  sediment  in  transport 
and  probable  sources  of  sediment.  Investigations  are  to  be  con- 
ducted in  the  following  three  areas:  the  channel,  the  spoil  deposit 
area  southwest  of  the  navigation  channel,  and  the  area  adjacent  to 
the  northeast  of  the  navigation  channel. 

(1)  Channel  Area.  The  reach  where  high  shoaling 
occurs  will  be  investigated  to  determine  characteristics  of  the 
materials  deposited,  rate  of  deposit,  characteristics  of  the 
currents  transporting  the  material,  salinity  of  the  water  and  ef- 
fects of  salinity  on  the  distribution  of  the  currents  and  shoaling 
materials . 


Immediately  after  dredging,  periodic  surveys 
will  be  taken  to  determine  rate  of  shoaling  deposits  as  influenced 
by  maintenance  dredging,  and  these  surveys  will  be  continued  to 
determine  seasonal  changes,  storm  surges  and  other  local  factors 
on  rate  of  shoaling. 


Shoaling  rates  shown  on  plate  2 and  rates  to  be 
computed  after  subsequent  maintenance  dredging  are  being  standard- 
ized on  the  basis  of  computing  end  areas  for  a section  having  a 
bottom  width  of  900  feet  at  elevation  -50.0  m.l.g.  and  side  slopes 
of  50  feet  on  the  vertical  to  0.1  foot  on  the  horizontal, 

(2)  Southwest  Area  Adjacent  to  Channel  (Spoil  Area), 
Past  surveys  have  indicated  erosion  of  the  spoil  deposit  area  south- 
west of  the  navigation  channel.  An  investigation  of  the  spoil  de- 
posit area  to  determine  the  density  of  the  in  situ  material  by  the 
•radioactive  density  probe  accompanied  by  undisturbed  borings  is 

now  in  progress.  Transport  of  the  eroded  material  by  currents  and 
the  velocity  of  the  currents  doing  the  transporting  will  be  studied 
to  determine  its  contribution  to  channel  shoaling. 

(3)  Northeast  Area  Adjacent  to  Channel.  The  north- 
east area  adjacent  to  the  channel  will  be  investigated  to  determine 
its  potential  contribution  of  channel  shoaling.  Investigations  of 
the  erosion  of  sediments  from  the  bed  and  banks  of  the  area  and 
transportation  of  the  material  to  the  channel  by  currents  will  be 
conducted. 
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8.  Discussion.  ^Maintenance  of  the  Breton  Sound  reach  of  the 

snrsit6  rfulf,outiet  ha£  *"»-  to  >»  • «*  £££ 

J \ V 0f  shlPPln«-  The  second  maintenance 
dredging  contract,  extending  from  mile  23.3  to  mile  2.0  was 

initiated  and  completed  9 December  196b  and  23  Januaiy  1966  respec- 

The  quantity  of  material  to  be  dredged  was  revised ’bv 

ySds  UtodrenttdVertiSemef  fr°m  11^5°>000  to  ^,124,000  Zb ic 
o !’  Ju  reflect  approximately  2 months  of  shoaling.  The  quantity 
was  further  revised  to  23,338,000  cubic  yards  by  mSiflcatiS^f 
the  contrart  to  reflect  additional  shoaling,  i e«ension  "f  the 

S3 tTlt  o m ^ i0;2  t0  ”lle  ^ “d  flanking  diL  at 

• 9 will  alleviate  this  maintenance  dredging  problem.  J' 

nf.  **  £g-n-9.1.udins  Remark,  In  addition  to  the  estimated  reduction 

to  Slf^S9  Jnie^enSi°n  °f  thS  southwest  rock  from  mile  20.2 

o mill  14.9  will  serve  as  a prototype  in  the  collection  of  data 

rom  future  maintenance  dredging  experience  to  determine  the  justi- 

HZ  na  ,„°rth  “ °nal  dllte  eXUmim  °r  -^rnates  to  reducf 
snoalmg  in  the  waterway. 
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(Continued  on  Table  5) 
Prepared:  Oct.  6^ 
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16  15  14  13 

DISTANCE  IN  MILES 


1,200,000- 


1,000,000- 


800,000- 


-!  600,000 


400,000 


First  maintenance  dredging  (first  contract) 

4 September  1963  to  22  October  1964 

Second  maintenance  dredging  (second  contract) 

9 December  1964  to  2 Oecember  1965 

Third  maintenance  dredging  (second  contract) 
30  September  1964  to  23  January  1966 


MISSISSIPPI  RIVER-GULF  outlet  , LA 

SHOALING  RATES 
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PLATE  2 


RETENTION  DIKE  EXTENSION 
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STONE  RETENTION  DIKE  E X IE  NETK 

PLAN  AND  PROFILE 
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Group"B"  Stone' 


Top  Of  Existing  Riprop-  Phase  I 


PHASE  IE 


DESIGN  SECTIONS 


SCALE  IN  FEET 
5 0 5 


( 

V 


Cast  Fill  - 


STONE  SIZES 

Group  V Stone  - 4 to  6 Tons 
Group  "B"  Stone  - 500  lbs.  to  2 Tons 

kie — 


W.S.  El. 0.0  Mean  Low  Gulf 


MISSISSIPPI  RIVER-GULF  OUTLET,  LA 

STONE  RETENTION  DIKE  EXTENSION 

TYPICAL  SECTIONS 

U S ARMY  ENGINEER  DISTRICT,  new  CHURNS 


FEBRUARY  1966 


INNER  HARBOR 
NAVIGATION  CANAL 


NORTH 

CENTERLINE 

SOUTH 


10 

NORTH 

CENTERLINE 

SOUTH 


NORTH 

CENTERLINE 

SOUTH 


NORTH 


CENTERLINE 
SO 


j>°  (§3)  , 4( 

?Q 5 

: ' t 1 ' ; : 

• t ; 

1 !'■■  | j 1 < 1 *-■  ■ 1 

-L  -4-  4 — i--T *-- 

— f— T 1 1 : 

LEG 

E 

N D 

i St 

Maintenance 

Dredging 
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Centerline  Stationing 

2nd 

Maintenance 

Dredging 

<D 

Channel  Mileage 

3rd 

Maintenance 

Dredging 
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Includes  268,000  Cu  Yds  Dredged 

By  Leased  Dredge  "SEA  LANE" 
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ER- GOLF  OUTLET,  LA 


iENANCE  DREDGING 
>3-31  JANUARY  1966 


fc**  OISTO’CT,  NfW  ORLEANS 

tor  CN9 1 N£  E *s 

IUARY  1966 


PLATE  5 


LEGEND 

- -V  Construction  Period  of  -!8'XI40'  Access  Channel 

•X  Construction  Period  of  - 36* X 250'  and  *38'  X 300'  Interim  Channel 

' ■ : Construction  Period  of  - 36’  X 500'  and  -38'  X 600'  Project  Channel 

■M  Construct'on  Period  of  Turning  Basin 


SUMMARY  OF  CHANNEL  CONSTRUCTION 

PERIODS 

17  MARCH  1958  TO  22  JULY  1965 

US  ARMY  ENG INEE  R OlSTRiCT,  NEW  OR  tE  ANS 
C DR  PS  OF  ENGINEERS 
FEBRUARY  S6E 


